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IRON- CEI1EHTED DRIFT 
ln 
LOGAN COUNTY, lWRTH DAKOTA 
by 
John W. Bonneville 
ABSTRACT 
In south-central Logan County, North D~kota , west of the 
Burnstad or Altamont }ora ne is exposed a well indurated-
limon te - goethite cemented glacial drift . The writer bel eves 
the origln ,f' ·~he cementing mate ...... ial to be similar to that 
of most bo -i,..on ores , and that this cement accumulated dur ng 
a pre-Wis ClrnS n in terglac lal a ere . 
The g)acial drift diT'ectly overlyincr the iron- ~--~~ted 
drift bas previousJy been ass crned to the Tnzewell (?) 
sub-np-e ! r-owever , the writer be] · eves it to be Jo.nu i ao-e. 
If this is proven tr ) i true , by C1~ .datinrs now in process , 
tbe iron-cemAnted dT'ii't is pre-Wisconsin in a.ge , the first 
such deposit report.;:,:i from tbis part of North Dakota . 
,_-A possible se1uence of evAnts is 6f£ered to explain the 
entire Pleistocene history of the outcrop area. 
INTRODl,TCTION 
'1-ENERAL- A nutr'ber of' interes ti•1,.,. deposits of lron-cemented 
.. 
glacial dri ;ft were found oy the writer while IQ.app, · •1r; the 
surficlal "'eoJ ogy of s01,tl ern Lorran County , Horth Dakota . 
(see plate J..) .\n interpretation. as to the or ·g ·n and _geologic 
s.ign fjcance of th.i.s deposit was thon~ht trriportant ·-.n the 
overall re~ional glacial ~istory of the area because (1.) 
sim lar depos · ts have not been r eported from the re~·on thus 
far, (2 . ) the s ~nificant occurrence of c14 datable material 
underly·ng one outcrop, and (3.) a pre - Wisconsil1 a~e for the 
deposit is sup.:g;ested by correlating the overly np drift with 
type Iowan d,..ift in Io,m. 
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-LOCA'!'IOW, TOPO'rRAPHY, AND PFYSIOGRAPHY-The iron- cemented glacial 
drift was found in seven outcrops n three different locat ons 
R/ 
n T. 13li N/ R. 71 W., and 72 H. (see plate I I ) All exposures 
of th s dr 1ft 'vere found in areas of bedrock topography, with 
a local relief of up to 150 feet . The topography is l ar~ely due 
to the headward erosion of the tributary strearis of Boa ver 
Creek ( see map) cud in~ into the tb ck weakly- consolidated 
Cretaceous Fox. Hi l ls sandstones which underlie the ent~re 
area . In most places oniy thin patches of glacial tlJl , ¥ravel, 
or boulders remain on the divides er oded from bedrock . At the 
present t.ime , the well- ndurated iron-cemented dr..i.ft forms 
resistant caps on bedrock highs . This toporrraphyJ · ncl11dini;,: 
the lnteP.'ro.ted drainageJ is 1'1Uch older than the topoi:rraphy 
one or two miles to the east in the Beaver Lake area . In that 
area the poorly developed d1 ~ i r ~e , th ck drift , young glacial 
featnres , and the w~ll developed Burnstad end moralne , show 
th~t a ~ore recent Jee Rdvance covered tnjs area . (FJint's A-1 
advance , Lemke and Col to,1 ' s Pos t - Tl'lzewell (? ) - pr.e-Two Creeks 
drift) , (see plate I) . 
FIEID A,"iD LABORATORY WORK- A thorough f'ield exruhlnation of 
Logan County revealed a total of seven outcrops showine the 
iron-cerren: ed ('r · f s . Tracing of th · s tlir ·.ft w1der> younger 
drlft ln two localities was possible , but <lr'll holes ln ad -
jacent areas of th · cker drift were not available for add.ttonal 
s L1ldy . ,---:; · 
0 
~thog~ 0desc-""ipt.lorn~ and strat ~I'uphic rel~t ons were 
-
noted in the f eld, and 100 lbs . of samples from the outcrops 
were brought back to the laboratory for examlnat1011 . l\1eJve 
3. 
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• thLn secttons were made from different samples for a micro -
scopic study of the sediment . Stannous chlorlde was used to 
disso ve the limonite- goethlte cement from the drift for 
res due analys s . 
STRATT'7RAP!IY AliD DErtiAILBD PESClUPTIO-~ OF "THE IRON-C...:! ~ffED DRIFT 
MACRO DESCRIPTio·q- The iron- cemented drlft s a c} ast :C serli'.!T!ent , 
(probPbly glac.ia} outwash) , with a heavy chet'lica}ly or bto-
chemic211y precipitated 1 · Mon · te - ~eothite (Fe203 •nli;C 1 ~enent . 
It ls massive t;o weakly strat ~ ,.. . as most elacin gravels are , 
and t har.i numerou~ molds of the r::ore solu@tl~ pebbles which 
have been c orr.plet;e 1 y leached out of the cernenti ng materlaJ • 
• The l"lo1ds, ;..rhicb probably were carbonate grains , have not been 
filled with cementin~ material , but there s ev dence of some 
earJy flUrficial replacement of the carbonate before more exten-
• 
s l ve leaci:1 it1n: removfthem. The texture · s rudaceo11 s to arenaceous 
(Z-. 
with most beds being conglorne0ic . The sortinF" is usually poor . 
The entire depos.i.t has heen · mpreniated with prec.i.pitate<l 
limonite-~oeth'tc which has cemented the ~JnclaJ gravel q . 
Laboratory tests u.sin"' stannous cblc-.., · c~ and HCl showed 
cement.i.np: mater al constltuted a.n average of 40~ ... by volume , 
and 551~ by 1,1eiP'ht of the total sample . 'I1he permeabill ty and 
porosity are moderate to hjgh , and the mineral compos.:.tion 
· s extreJ:1ely varia,.bJ e . Hand samples show various altered and 
decomposed Meta~orpp~c and gneous rock frarrments , cherts , 
qnartz sands , vein qu~rtz and Cretacous ..t<ox '.Hills bedrock 
pebbles . ·11 carbonates , or calcareous sh riles snch as the 
Perre shale have been co~pletely leached out leaving the 
hollow molds . Laboratory tests f or manganese and phosphorus 
were pos.i.l:.ive , and are sue?:rrestive of bog orc depos · tion of the 
cementing material. The or i g.in 0£ thi~ deposi t wl J l be d i scus sed 
ln detai l later in this paper ; brief y it · nvol ves depos · t.ion 
of the ~lac.isl drift in local depressions , solut on of ron 
from surr ou11ding <lr;ft and bedrock by surface and ground 
wat ers , precipi totion of the lro11 i the swampy dep:ressj ons 
as bog- ore . Then drainaC1'e of the depressions and leach · ng of 
the carbonal;et fr om the iron- ceme'tlt dr ft occu:red. Using Pett john I s 
(1957, p . 255) classific&tioP , this deposit could be termed 
a redd.i.s~ - bro1 m ferruC1'enous polymictic orthoconglomcr ate . 
A typicPil Olltcrop ls shown in the photo on plate III. 
• ICRO DESCRIPTTON- l'ilcro-photo12;ra.phs taken from fov.r tyn · cal 
tpin sections made from samples of iron- cemented drlfL aro 
shown n plates IV and V. The th n secLlo:':ls made from the 
oeposi t in Logan Coun t:y , No,...th Dakota , were very s i m.i. 1 gi• to 
tPose described hy r oore (19JO,p . t:;3 - 2) n ~ · s stud.ies of 
bo~- -0res in Ont"r · o . oore found in bJs exam·uatio1 of l:hin 
sections thut the ir:onite was l the torm of an opPque , reddish -
brown ma '1 s , wh · ch was hateroponeous end bad no dJstlnm.1 · sh ng 
f Atnres beyond a porous cond · tl n . 'l'be "i i onite mass conta.i.ned 
numerous nP'.u~ e..r to ro' nded fra~r onts f 1uartz, feldspn'l'."s and 
rook fro.r.rments . Ho defjnite axes orientation of .1rapru.,n s 
sc "tte7'>ed throup:ho1 t the l.i.rroni te groun ·mass we"'e noted . 
Anr,-ul!=>J' s · 1t- si2ed a"ra · ns of rmartz s"rnilar to those 
6 . 
e 
late III. Photo of iron-cemented dr ft outcrop 
,. area n eastern edge of N 4· Sec.23, 
T :134N., R. 72W , Logan County, North 
· Dakota Pick s 22 inches lon 
Plate IV. 1 icrophotographs 
drift . ~ 
F g . l (Top)Ordinary light,X55, ~ilt-s zed gra ns of uartz, 
chert, and rnre fe dspars "floating" n a groundinass of lim-
onite . The un form. s ze and scattering of the grains is prob-
ably due to sheet w&sh or wind deposit on of s lt into the 
marsh while bog ore was forming . The black area is limonite-
goethite cement . 
Fig.2 (Below) Ordinary 1ight, X55, s lt, sand, and pebble-
sized grains qnd rock fragments cemented by limonite. Lare 
~rain at left is an igneous rock fragment; the three grains 
in the middle and r ~ht side of the photo are chert grains. 
The li~ht areas- at the bottom and top right are voids The 
spher ca] objects are bubbles, and the black area is limonite 
cement. 
8. 
Plate V. Microphotographa 
dr ft of iron-cemented 
Fig. l.(Top) Or~i~ary light, X55, Micaceous metamorphic rock 
fragment at top of .photo with numerous rock fragments and 
uartz grains at the r ght. All are cemented togeather by 
limon te-goethite(black area). The light areas at the far 
left are vo.ds. · 
Fig 2 (rlottom) Ordinary 1 ght, X55 Large chert fragment 
the upper r ght, and the many small angular quartz and chert 
rains to the left and lower right have been cemented to-
eather by lim6 ite~goeth te(black area). The light area in 
the upper left corner is a void 
J'l'!ent.i.oned hy oore, were observed "float·ng" ·n the ~imonite-
~eot} · te cem~nt, ~nd are co1 on ·n ~he t~·n sec ·nns fron Logan 
C ui ty-;..iH~~'3 are prcbab y ~ue to sheet wa.sh or aeoleen srnt ·-on 
blow·ng sllt into the open bo~ tiurlna ron deposit · on. 
s-nRATI<1RAF!.fJC PQS TTIOl; A iD TOPOGRAPHIC EXP.RESS ION 
The Reries of strat ~raph c sectJons shown on plate VI 
show the reJat onships of the ran-cemented drift to the over-
lyinP" and underl. np; sed ments in the outcrop areas . Plate VI I 
s~ows a composite sect on of the ent·re county . 
The · ron- cemer1ted dr ft forms a th n resistant cap on 
bed~ock h ~hs where post-ulaciaJ ero~ion has d ssecb:)tbe area. 
In one Jocality (see p]ate VI) tbe deposit is underlain by 
0-3 ' of ~~~y to black peaty silt, th1s contact is a sharp one. 
(see plate VI and plate VI]JIJ '111--is silt has nmnerous c11rbo;n1zed 
plant remains wh ch were collected and sent to the U. S.Geological 
Survey in ... ash nEZton, D.c. , for CJ4 datlnP-'.. If this materl8l 
ls w th n datable ranue , it will help decipher the glac al 
h story of the area . 
The Most l.111portant outcrop area is that of fig. 4, plate 
VI, 11here Cretaceous Fox Hi.lls bedrock is directly o ve:rlaln by 
the iron-cemented drift , which is ln turn overlain by ~ ray 
to 1 lght brown unleached till. The contact is sharp with no 
loess, son zone, or lag of pebbJ es at the C<lntact. No other 
ttll contacts of other a~e~ n the area have distinct ve 
separat ng deposits either. 
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Plate \!.II . Composite section showing the s ,rati-
graphic relations of all the Pleistocene deposits 
found n the central part of Logan County, iorth 
Dakota. 4 
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Plate VIII Photograph of outcrop of 
iron-cemented drift underlain by peaty 
clay-silt. The sharp contact can be seen 
on the photo . This photo was taken facing 
edst at the western edge of the NW4 Sec 24, 
T.134N.,R.72w. in Logan County, North Dakota . (See Plate II for location) 
In these outcrops the iron-cemented drift 
forms resistant caps on the erosional divices. 
13. 
AGE OF THE IRON-CEivJi;NTED DRIFr 
The BR~ of the ent re dr ft sheet west of the end moraine 
complex known.as the Altamont or Mruc Mora.ine in this area, bas 
long been in controversy . This drtft sheet is herein called 
the Napoleon drift in Logan County . Todd . (19: 4 ), referred to 
1+ as Nebraskan or Ksnsan n aee ; Leonard (1916, p. 532), 
ten ta ti vely referred to the bou lciers lying on bedrock as Kansan (? ) 
south of the 1dssour1 ,R:1 ver , but the drift ,iust west of the 
Altamont f·1orai ne J.ooked younp;er to h m, antl the color of the 
t ]ls looked more Jike those or Early i. sconsin. Leverett (1917, 
p.144) , sur~ested an Ill noian or Iowan ave; and Alden (1932, 
p . 86) , after studyirtp- the type Iowan n Io , concluded that 
the drift west of the AltaJ11ont in North Dakota was not older 
tban Iowan or poss bly Illinoia n . 
The w0st important reference · s that of Flint (1955, p . 78), 
where he states that in Souch Dakota thLs drtTt is Iowen w· th 
some poss ble Tazewe11 drift a1so, hased on tracing aro1md the 
west slde of the Ja:mes Lobe from the type area in northeastern 
Iowa. 
Contlnued trac·· ng on aer aJ photos from the Sou th Dakota 
border north throu~b McIntosh County into Lo~an Co1nty (only 
24 m les) shows the same dr ft. Lemk~ and Colton (1958, p . 47) , 
assigned a Tazewell (?) ape to the drift, but this ass·~mnent 
s 1ot supported by f ' eJd evidence in the writers opinion. 
In the fleld, 1 thologic and topo~raphic express ' on of the 
drift .n Lo~en Co·.1nty, ond thot descr ' bed from the type Iowan 
are very slmi lar. On the for-~oin~ cr iterla, the wrlter be) ieves 
the Uapol eon drJ.ft in LoP'-'an County is very probably Iowan in aP,e , 
w th some patches of pre- Napoleon drift found in a few l ocations 
· unde T" n~ 1 t . The · r an- cemented dr ft · s such a depos l t . The 
C14 <lat1n~ now in pro~ress fro~ the previously ment · oned peaty 
gflt bed , and another sample taken from peat in the Napoleon 
drlft jtseJf in northern Lopan County s honl d help p r ove or d s -
prove this . If the Napoleon drift is proved to be Iowan in arre , 
the underly ng iron-cemented drift would tren be pre- Iowan or 
pre- Wisconsin n aae . Te deposition of tho · ron and the leach-
ing of the carbonate pebbles , tben, probably took place du~ · np 
the Sangamon or an earljer .intpr- gla.clal a~e . 
POSSIBI ~ ORiryI1S OF IRor-CEMENTED DEPOSITS 
GElIBRAI-Tbe major part of the ron- cementin~ material j n the 
depos·ts stud ed was l ' monite-r,oethite . These minerals ln 
sedimentary l'Ocks are most characteristic of boF, ran- ores . 
Bo"' ore s composed princ pally ot:. an eartl'y :m xture o.f yellow 
to dark-brown ferr · c hydroxides , malrtly ~eothite . 
Lake and bog iron ores have been descr.i.bed from Ontar o , 
tuebec , Sweden, Siber · a , the eastern Un ' ted States , and in 
Washin~ton, but are especially a~1ndant in ~laclated northern 
re~ · ons of ";orth ~·'merlca, Euroo,e and As.i.a . Iq these areas 
percolatln~ wnters dissolve iron from. the ~lac ' al drift w' th 
the uid of organic and carbonic acids . 'l'be iron · s carried n 
so] ution as solua.bl e carbonate , sn1phate , or comb;ined ,, · tb 
or>g,an.lc a c ids . The · ron may then be preclpitti.ted chem cally or 
15. 
biolo~icallv in marshes , peat boas or other shallow ~urface 
depressiot (· 1.rlbut, 1941 , p . 206 and Harder , 1:919, p . t:;2). 
Cbemic'l.l prec p tat 0n takes place el ther 'by rerriov.a1 of the 
solvents by reaction by other Mate~ials in 90lut on, or by 
ox dotlon . It is ~enerally apreed that plants and Lncteria 
are the chef a~ents ln p~oduc:ng the chcMlcal actlon 1n the 
format on of boa: lron. 11 Iron b acter · a II feed , on the orrranic 
acids whlch h.ave helped dissolve the iron , this forces the 
i~on to be precipitated ~n the forM or limon·te. In other cases 
jjhe hacter a or 'lrrae extract iron for the r l f'e p1•ocesses 
and sheath formation. lhe limon te collects as a thi'l1 film on 
the ~mrf ace of the we ter and then sinks or is co] e c ted on 
obj~cts alon~ the sh0re. M1en it becomes oxidized near ~he sur-
face , nso~uble limon.ite results (Moore , 1910,p.532, and Gruner-
1 u22, p . Lr r ) • 
.?ORMS OF BOG ORE DEPOSITS-Tm common form of bo"' ore deposl t~ 
fo1Jnd are hor · zo11tally tabul Qr bod i.e s a few feet th Lek, ..and 
red , brown or yellow in coo~ . ~hey are desc~ bed either as 
soft o:r rp,,rd-be<lded 11asse9, concreti.ons , or as a cement n P-'ravels 
and sands ·•hi.ch the iron- rich so1ut ions have irr.preiniated. The 
deposits stud led by the wr ter ,Ai. tl1ought to be snch a porous 
f"..J'SVe wh · ch has heen lmprei;,:nated by iron-rich waters , with 
ffilbseiuent bloche~ cql precipitation of the 1 monite- goethite 
as a cement"np ~ater · a. 
IRON S0URC2-The source of the iron which was depos · ted must have 
either Leen derived frofu the exlRt · nu glacial drift, or the bed-
rock, and n1ost probably from botb du'3 to the scare ity of dr:if t . 
It is the present writer's belief that some of the ron ca~e fr om 
16 . 
the exist · ng drift, but rnost of it came from tre Cr~taceous 
Fox F 'l Js sandstone w)ich contain~ "llany ron.-bearin~ minerals, 
and is ·.n many pl aces hydros cat· cally hit!her tban the local 
depressions in whLch the ron-cemented drift -ras formed. 
Th.is prov f ieirl P"round waters an op ortuni ty to remove .iron 
from the Cretace0us s~nds , and to corry it to depress on9 at 
arer elevat ons where twas precipitated as bo~ ore . 
OTHE'it OCCURRENCES OF IRON-Cffi/;.El~ED DRIFT IN 
NORTH AND SOUTH DAKOTA 
Leonard (19)6), ~tudied the occurrences of older (pre-
Wiscon9in?) drift west of the Altamont Moraine · n North Dakota . 
ije noted that in mes t areas the dri£t was represented almost 
eht rely by vrave and boulders resting directly on bedrock. 
'I'hese Rrave)s and boulders were especially noticeable on the 
tops of divides and on upland areas which they helped protect 
from er( I Or\ . One parttcularly significant deposit Leonard 
{p. 526-_5t 7 )1 n ent · ons j_s a boulder bed on the Mi ::rnour 1 River 
near the mouth of Tobacco Garden Creek in hcllnz e County , 
North Dakota . This p:Jac al deposit is composed of boulders 
and ferruP,Lnous gravel wh ch f 11~ the i nterstlces between 
the coarser mater al. Tre ent ' Te depos t ' s cemented into a 
firm indurated mass . It j s ve.,..y ferruglnous and brown co]oned 
from the 1 in1<m l te wh · en forms the cem~n.tina mater; al , and 
1n many pace~ the boulde.,..s are r·rroly belg by the ron-cewent 
and sand wh ' cb serve As a watrix in which the boulders are 
embedded. When they weather ouy, the · r shape lR preserved n 
17. 
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the rnatrb;. Leonard thon~ht that lf there ever we,...e any f J.ner 
mater1aJs n tbis depo it , they have been carr ed away leav n~ 
only the ~revel and boulders wh ch were cemented by the iron 
of +.he II SUT'f ace waters 11 • He thought th · s b ulder bed was h.ansan (?) 
; n a rte , but. had no s11bstan tial proof of this ac:e as S i~nment . 
Leonard's descript ' on of th s depos tis ve,...y s ' m'lar to 
those wh · ch tbe author f01ind n Le ('!'an County, Jforth Dakota . 
:f. 
Both deposits are west of the outermost , or Altamont ;"' OY'alne , 
are slrn Jar n · tro o~y and n hav ng a heavy1 f rm 1 imon1 te 
cement , and both are b~sa alac aJ drift depos ta overly ~a 
bedrock. Probable age assi~nment pf the l~on-cernented drift 
of Lognn Coun tv s 
" 
P-aulson(.19~?, 
dr ft found 
scussed late,... in tbs paper. 
~eptlon~ a poss ble pre-Wtscons n 
holes under known W scons4n-a~e tllls 
.in southern Stu tsma.n <Joun t;y. pear Streeter, Horth Dakota. fre -se 
. 
test l;oleq showed g-raveJ and P.:r::r:vell'y tlll overly np; Cretaceou$ 
sl"' les . Tt•e se P'ra vel s were up to 91 feet th.i.ck, but we~e dis -
c'"'nt~ •1ua, s f'ro!!l one. hoJe to .... he nevt, .i:an and white clays are 
conmron throuf"hout the deposltc;, wlth some patches of ~ed 
oxidized uater · a1. lo~~ of the pebbles in the P.ravelR were 
.i.i?neous and -rretepiorph c ratbeT tb~n shaJ es and carbonates wh · ch 
are common · n Iii ~ consj n dr fts. One te t well showed Cfl'rbonized 
wood fra.i:r.rr.ent'lq SlH!P.:est'np- a possible so ' l zone OTJ. +-op of old.er 
rirlft. More (lrtJl .ho es i.n the areA al1c,l het er' SfH'"plin~ methods 
:i:nay prove or d · sprove th · s , and may also uncov r riepos t~ sim ' lar 
to those cropp1nu out n Lop:an County. ~ 
Flint (1\/C,5 , p . 3)) , ::ltate~ th~t pre-W"sconsin (Illinolar,·) 
18 . 
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has been recop:nized ln 0111 y a few places west of the Liss ssippi 
R ver . These locat i ons are n outheastern Iowa and southeastern 
Minnesota . A probable I11 · noian drif t near GhaMberla · n , South 
Dakota , and a t · 11 of unknown a~e underJylnu LoveJ,md loess · n 
'oody County , are the only other possible pre -Wisconsin depos ts 
kno,,m n o"::)OU tb Dakota .~-: 
In reglons outside South Dakota , Fl i nt goes on to state 
t}iat tllls hE1ve been d fferent"ated 011 e bas · ~ of weat:r er · np: . 
Wisconsin tills are J ttle all·ered, whi l e pre - Wisconsin t J)s 
are co1s "de~ably altered . ConvArsl0n of a ti]l to a gi..1mbot l J 
therefore · na cates the t 11 s pre - ~isconsin . On page 31 , Flint 
states that accurnulat ions of red iron oxide ~ ave been f0L1nci 
character stically developel · n soll prof "les formed durin~ 
the Sa.rnrn?TI_on a11d other lnterr1lac; al ~17es . In accordancA 1,,1 • th 
this peneral relati0nsrip , a t.i.11 tered to a reddisl soil 
· n South Uakota · s considered pre- San~amnn · n a~e with a hl~h 
degree of probabtl · ty . 
Whether tbis can be used as a valid criter 4 a to tleterm · ne 
or even sup~est a pre-W~ constn age ls at least questlonable . 
The wri.ter has Reen 'f'edd.ish altered ~oil~ and outw sh deposits 
of late w· scons · n a~e sta ned comDletely red v · th iron oxidAs . 
ThP a~e determ· nation of tte ron- cemented dr{ft in Lo~an 
County , North Dakl')ta, snot bnse on Fl ' nt's above :ment · oned 
theory , even tl oui;;h it · s he] ievcq. that tl'..i.s drift is pre- Wiscons ·n 
• '11 acre • 
INFER.ENC!!, AHD CO JCLUSI O'NS 
GENERAI-The slmlJ ar 1ties n m"neraloD"y , topography , and possibJe 
19 . 
or "git bet.ween t;he iron- cemented drLft i.n Lop;an C unty and 
hop: ore d ,pos · ts repo:rted trr oup;l ont; c:rlo.c.i.ated areas of ·,01· r.h 
Amer · ca ancl other parts of tre world lead tb · s writer to bel · eve 
that the l ' monite - p-oetl · te cem nting rr1aterial was of the SB.!'1.e 
origin . m, · n sect · ons of boa ore and the · ron- cemented drift 
slow s 0 l"lil.ar relattonsbips a] so . 
ThA s · ,m · ficcmce of such a depos.i. t located s trat 11r!:lph cally 
be] ow a t; 11 of Io•,r~n (?) 1.r,e (depend np; on C14 result )
1 
• =i 
·mportant in the interpretation of the Pleistocene geolo~y of 
rortb D13.kot ~ • 
Trac 1.np- of the Napoleon J ( Iowan?), dr ft of. Logan County 
to type Towan in Iown , toO"eth€r wit' strat · P"raphic , litholon- · c , 
ancl toportraphic close c:; i.milari t i..es to type Iowan are s - tronO' 
P.Vidence thnt the age proposal of Iowan is correct . The two 
CJ4 dates froxn th i s drift shonld help ln sol v:ln11. the problem. 
If the fHte of the Napoleo'1 drift ~ s Iow..,n , the i,ron- cemented 
dr · ft und<3r l t is pre- Wis cons · n , anc;l proves Hor th Dakot~ was 
rlac lated in pY.e - W.i sconsin tiuie. 
The poss "blo Sf'lquence of events in the forri.at · on of the 
i ron- ceri ented drift deposits n Lop:an Go11nty is shown and 
descr i bed on plate IX . 
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EXPLANATION OF PLA l:E IX 
Meltwaters fil~depressions far ahead of the advanc-
lH7. ice , form.ing swampy areas . The fi;nes carried by 
the meltwater together with plant debris such as 
mosses are deposited contempofaneously in the depres-
sions- this is the peaty clay found at present. Th n · 
non-peaty clays and ~ilts were de~osited over the peaty 
cJays 'n some areas wheu the ice advanced . 
The ice overrode-the area o.C swampy bogs , and may 
have e tber deposited outwa~h gravels as t advanced 
by bottom scrap ng of tbe ice , or by norrna meltwater 
deposition either during advance or retreat. 
The next changes in env ronment wore: retreat of the 
ce and a return of local swampy conditions , and a 
b1gh water table . Iron was dissolved from the drift 
and the Fox HJlls srndstone at highPr elevat ons , and 
wa carr ' ed to the bogs whHrP it was precipitated as 
bog or A ( l i.JTJon te and goethi " ,. >rec ipi tat on was 
probably accomplished both er"'' · cally and b1 ochem-
ically. 
The peri.od of bog ore deposition was during an 
inter?,lRcia) aRe , also during which the bogs were 
probably dra ned~to~e headwaru erosion of streams 
w' th lower hn~e l~vels . Th "s .inltiated downward rr.ov-
' ng f"t'Ound waters and the Y2lt :rtate complete leaching 
of carbol'late mater.i.als in Lhe tron- cemented glacial 
trravels , leavjnr: molds of these pebbles in the cement-
ed drift . These voids are not filled witr iron- cement 
which shows the leach ng occurred afte:- cementat · on 
ceased ~le to drain ng of ~,d 1ors . 
A later rcadvance of the li ~(T wan(?)) left a thin 
depos t of drift over the 1~avl ed · ~on- cen•ented 
drift uatcbes. 
Subsequent eras on s 'nee the Tow~n(?) until the 
preirnnt tiPle, about 3.5-40 , 000+years, has left on y 
tbe More resistant indura ted iron-c"mented dril' t 
capry inr,: tbe Cretaceous "F'ox Hills bed._.,.,,..1r , with only 
re!'lllants of th ' n easily eroded Iowanl~ , , rift over-
lyin~ ~t in thls dissected area. Pa of the re~ion 
· mMedlat y to the north have not beer p 0ded as 
extensively, and st 11 have the Iowan('r) 11.rlft cov-
er "ng bedrock in ~ost places . No drilJ ~cles are 
yet avniJable to prove the ex.istence of additional 
· 1·on-cemented drift deposits under the younger drift . 
?. ] • 
' 
I 
Plate IX. Possible sequence of events . 
( see opposite page explanat on) 
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IRON- CEI1EHTED DRIFT 
ln 
LOGAN COUNTY, lWRTH DAKOTA 
by 
John W. Bonneville 
ABSTRACT 
In south-central Logan County, North D~kota , west of the 
Burnstad or Altamont }ora ne is exposed a well indurated-
limon te - goethite cemented glacial drift . The writer bel eves 
the origln ,f' ·~he cementing mate ...... ial to be similar to that 
of most bo -i,..on ores , and that this cement accumulated dur ng 
a pre-Wis ClrnS n in terglac lal a ere . 
The g)acial drift diT'ectly overlyincr the iron- ~--~~ted 
drift bas previousJy been ass crned to the Tnzewell (?) 
sub-np-e ! r-owever , the writer be] · eves it to be Jo.nu i ao-e. 
If this is proven tr ) i true , by C1~ .datinrs now in process , 
tbe iron-cemAnted dT'ii't is pre-Wisconsin in a.ge , the first 
such deposit report.;:,:i from tbis part of North Dakota . 
,_-A possible se1uence of evAnts is 6f£ered to explain the 
entire Pleistocene history of the outcrop area. 
INTRODl,TCTION 
'1-ENERAL- A nutr'ber of' interes ti•1,.,. deposits of lron-cemented 
.. 
glacial dri ;ft were found oy the writer while IQ.app, · •1r; the 
surficlal "'eoJ ogy of s01,tl ern Lorran County , Horth Dakota . 
(see plate J..) .\n interpretation. as to the or ·g ·n and _geologic 
s.ign fjcance of th.i.s deposit was thon~ht trriportant ·-.n the 
overall re~ional glacial ~istory of the area because (1.) 
sim lar depos · ts have not been r eported from the re~·on thus 
far, (2 . ) the s ~nificant occurrence of c14 datable material 
underly·ng one outcrop, and (3.) a pre - Wisconsil1 a~e for the 
deposit is sup.:g;ested by correlating the overly np drift with 
type Iowan d,..ift in Io,m. 
1. 
-LOCA'!'IOW, TOPO'rRAPHY, AND PFYSIOGRAPHY-The iron- cemented glacial 
drift was found in seven outcrops n three different locat ons 
R/ 
n T. 13li N/ R. 71 W., and 72 H. (see plate I I ) All exposures 
of th s dr 1ft 'vere found in areas of bedrock topography, with 
a local relief of up to 150 feet . The topography is l ar~ely due 
to the headward erosion of the tributary strearis of Boa ver 
Creek ( see map) cud in~ into the tb ck weakly- consolidated 
Cretaceous Fox. Hi l ls sandstones which underlie the ent~re 
area . In most places oniy thin patches of glacial tlJl , ¥ravel, 
or boulders remain on the divides er oded from bedrock . At the 
present t.ime , the well- ndurated iron-cemented dr..i.ft forms 
resistant caps on bedrock highs . This toporrraphyJ · ncl11dini;,: 
the lnteP.'ro.ted drainageJ is 1'1Uch older than the topoi:rraphy 
one or two miles to the east in the Beaver Lake area . In that 
area the poorly developed d1 ~ i r ~e , th ck drift , young glacial 
featnres , and the w~ll developed Burnstad end moralne , show 
th~t a ~ore recent Jee Rdvance covered tnjs area . (FJint's A-1 
advance , Lemke and Col to,1 ' s Pos t - Tl'lzewell (? ) - pr.e-Two Creeks 
drift) , (see plate I) . 
FIEID A,"iD LABORATORY WORK- A thorough f'ield exruhlnation of 
Logan County revealed a total of seven outcrops showine the 
iron-cerren: ed ('r · f s . Tracing of th · s tlir ·.ft w1der> younger 
drlft ln two localities was possible , but <lr'll holes ln ad -
jacent areas of th · cker drift were not available for add.ttonal 
s L1ldy . ,---:; · 
0 
~thog~ 0desc-""ipt.lorn~ and strat ~I'uphic rel~t ons were 
-
noted in the f eld, and 100 lbs . of samples from the outcrops 
were brought back to the laboratory for examlnat1011 . l\1eJve 
3. 
D 
D 
D 
D 
0 
24 
N 
is 36 
01 } m 
sea e 
....... XPLANATION ,. , 
19 
BRT 
BRT 
31 
b'u.rnstad End Moraine 
(Fl nt's A-1; LeM e and 
Colton's Post Tz(?)-Pre 
Two Creeirs). 
Ground mora ne, low re ief. 
Plate II. Sketch map showing 
glacial geology and outcrop 
locations of iron-cemented 
dr ft in central Logan Count 
North Dakota. 
Bed ock to~ography, hi h relief 
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.. 
• thLn secttons were made from different samples for a micro -
scopic study of the sediment . Stannous chlorlde was used to 
disso ve the limonite- goethlte cement from the drift for 
res due analys s . 
STRATT'7RAP!IY AliD DErtiAILBD PESClUPTIO-~ OF "THE IRON-C...:! ~ffED DRIFT 
MACRO DESCRIPTio·q- The iron- cemented drlft s a c} ast :C serli'.!T!ent , 
(probPbly glac.ia} outwash) , with a heavy chet'lica}ly or bto-
chemic211y precipitated 1 · Mon · te - ~eothite (Fe203 •nli;C 1 ~enent . 
It ls massive t;o weakly strat ~ ,.. . as most elacin gravels are , 
and t har.i numerou~ molds of the r::ore solu@tl~ pebbles which 
have been c orr.plet;e 1 y leached out of the cernenti ng materlaJ • 
• The l"lo1ds, ;..rhicb probably were carbonate grains , have not been 
filled with cementin~ material , but there s ev dence of some 
earJy flUrficial replacement of the carbonate before more exten-
• 
s l ve leaci:1 it1n: removfthem. The texture · s rudaceo11 s to arenaceous 
(Z-. 
with most beds being conglorne0ic . The sortinF" is usually poor . 
The entire depos.i.t has heen · mpreniated with prec.i.pitate<l 
limonite-~oeth'tc which has cemented the ~JnclaJ gravel q . 
Laboratory tests u.sin"' stannous cblc-.., · c~ and HCl showed 
cement.i.np: mater al constltuted a.n average of 40~ ... by volume , 
and 551~ by 1,1eiP'ht of the total sample . 'I1he permeabill ty and 
porosity are moderate to hjgh , and the mineral compos.:.tion 
· s extreJ:1ely varia,.bJ e . Hand samples show various altered and 
decomposed Meta~orpp~c and gneous rock frarrments , cherts , 
qnartz sands , vein qu~rtz and Cretacous ..t<ox '.Hills bedrock 
pebbles . ·11 carbonates , or calcareous sh riles snch as the 
Perre shale have been co~pletely leached out leaving the 
hollow molds . Laboratory tests f or manganese and phosphorus 
were pos.i.l:.ive , and are sue?:rrestive of bog orc depos · tion of the 
cementing material. The or i g.in 0£ thi~ deposi t wl J l be d i scus sed 
ln detai l later in this paper ; brief y it · nvol ves depos · t.ion 
of the ~lac.isl drift in local depressions , solut on of ron 
from surr ou11ding <lr;ft and bedrock by surface and ground 
wat ers , precipi totion of the lro11 i the swampy dep:ressj ons 
as bog- ore . Then drainaC1'e of the depressions and leach · ng of 
the carbonal;et fr om the iron- ceme'tlt dr ft occu:red. Using Pett john I s 
(1957, p . 255) classific&tioP , this deposit could be termed 
a redd.i.s~ - bro1 m ferruC1'enous polymictic orthoconglomcr ate . 
A typicPil Olltcrop ls shown in the photo on plate III. 
• ICRO DESCRIPTTON- l'ilcro-photo12;ra.phs taken from fov.r tyn · cal 
tpin sections made from samples of iron- cemented drlfL aro 
shown n plates IV and V. The th n secLlo:':ls made from the 
oeposi t in Logan Coun t:y , No,...th Dakota , were very s i m.i. 1 gi• to 
tPose described hy r oore (19JO,p . t:;3 - 2) n ~ · s stud.ies of 
bo~- -0res in Ont"r · o . oore found in bJs exam·uatio1 of l:hin 
sections thut the ir:onite was l the torm of an opPque , reddish -
brown ma '1 s , wh · ch was hateroponeous end bad no dJstlnm.1 · sh ng 
f Atnres beyond a porous cond · tl n . 'l'be "i i onite mass conta.i.ned 
numerous nP'.u~ e..r to ro' nded fra~r onts f 1uartz, feldspn'l'."s and 
rook fro.r.rments . Ho defjnite axes orientation of .1rapru.,n s 
sc "tte7'>ed throup:ho1 t the l.i.rroni te groun ·mass we"'e noted . 
Anr,-ul!=>J' s · 1t- si2ed a"ra · ns of rmartz s"rnilar to those 
6 . 
e 
late III. Photo of iron-cemented dr ft outcrop 
,. area n eastern edge of N 4· Sec.23, 
T :134N., R. 72W , Logan County, North 
· Dakota Pick s 22 inches lon 
Plate IV. 1 icrophotographs 
drift . ~ 
F g . l (Top)Ordinary light,X55, ~ilt-s zed gra ns of uartz, 
chert, and rnre fe dspars "floating" n a groundinass of lim-
onite . The un form. s ze and scattering of the grains is prob-
ably due to sheet w&sh or wind deposit on of s lt into the 
marsh while bog ore was forming . The black area is limonite-
goethite cement . 
Fig.2 (Below) Ordinary 1ight, X55, s lt, sand, and pebble-
sized grains qnd rock fragments cemented by limonite. Lare 
~rain at left is an igneous rock fragment; the three grains 
in the middle and r ~ht side of the photo are chert grains. 
The li~ht areas- at the bottom and top right are voids The 
spher ca] objects are bubbles, and the black area is limonite 
cement. 
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Plate V. Microphotographa 
dr ft of iron-cemented 
Fig. l.(Top) Or~i~ary light, X55, Micaceous metamorphic rock 
fragment at top of .photo with numerous rock fragments and 
uartz grains at the r ght. All are cemented togeather by 
limon te-goethite(black area). The light areas at the far 
left are vo.ds. · 
Fig 2 (rlottom) Ordinary 1 ght, X55 Large chert fragment 
the upper r ght, and the many small angular quartz and chert 
rains to the left and lower right have been cemented to-
eather by lim6 ite~goeth te(black area). The light area in 
the upper left corner is a void 
J'l'!ent.i.oned hy oore, were observed "float·ng" ·n the ~imonite-
~eot} · te cem~nt, ~nd are co1 on ·n ~he t~·n sec ·nns fron Logan 
C ui ty-;..iH~~'3 are prcbab y ~ue to sheet wa.sh or aeoleen srnt ·-on 
blow·ng sllt into the open bo~ tiurlna ron deposit · on. 
s-nRATI<1RAF!.fJC PQS TTIOl; A iD TOPOGRAPHIC EXP.RESS ION 
The Reries of strat ~raph c sectJons shown on plate VI 
show the reJat onships of the ran-cemented drift to the over-
lyinP" and underl. np; sed ments in the outcrop areas . Plate VI I 
s~ows a composite sect on of the ent·re county . 
The · ron- cemer1ted dr ft forms a th n resistant cap on 
bed~ock h ~hs where post-ulaciaJ ero~ion has d ssecb:)tbe area. 
In one Jocality (see p]ate VI) tbe deposit is underlain by 
0-3 ' of ~~~y to black peaty silt, th1s contact is a sharp one. 
(see plate VI and plate VI]JIJ '111--is silt has nmnerous c11rbo;n1zed 
plant remains wh ch were collected and sent to the U. S.Geological 
Survey in ... ash nEZton, D.c. , for CJ4 datlnP-'.. If this materl8l 
ls w th n datable ranue , it will help decipher the glac al 
h story of the area . 
The Most l.111portant outcrop area is that of fig. 4, plate 
VI, 11here Cretaceous Fox Hi.lls bedrock is directly o ve:rlaln by 
the iron-cemented drift , which is ln turn overlain by ~ ray 
to 1 lght brown unleached till. The contact is sharp with no 
loess, son zone, or lag of pebbJ es at the C<lntact. No other 
ttll contacts of other a~e~ n the area have distinct ve 
separat ng deposits either. 
10 . 
Iron-cemented dr . ft 
Peaty clay-s lt 
0-4 ' 
0-3 1 
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dr ft caps 
bedrock 
Fig . l. Section Rt the west edge 
ofNW4~Sec: 24, T.134N., R.72W. 
Fig. 3 Section at road cut at 
the north ed e of the Nvh Sec.30, 
T.l)uN.,R .71W. This area may have 
been near theed e of the bog area 
where the accumulat on of limonite 
waq intermittent (the limon te is 
n streaks). 
• I •. •. 
. . . ' 
'· : 
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Tz(?) or Iowan(?) 
till 
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Kfh 
Fig 2 Section at the sout 
edge pf the NW4 Sec 24, 
T .134N •. , R. 72W. 
Fig 4 . Sect on just 
west of Burnstad where 
iron-cemented drift crop 
out on both sides of the 
road swi Sec 29,T.1341 
R.71w Tz(?) or Iowan(?) 
drift overlies it here. 
0-3 1 
0-2 1 
Tz(?)or 
Iowan(?)till 
Iron-cemente 
··· ··· dr ft 
. •:. ~ 
Plate VI. S atcbes shoring stratigraph cs c o 
d fed rel at onships of the ire -ce ented 
dr · · n Logan County, North Dakota.. 
.: 
Napoleon 
drift shee 
Tz(?) 
Iowan ( '?) 
Iron- cemen 
ed drift 
Fox Hills 
ss 
The prominant Altamont 
Moraine is Fl nt ' s .l\-1 
£ 
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B-1 Streeter Moraine 
(second l'-ankato} 
. " 0 
(f rst :tJ,ankato} ~'--~---------
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. ~ 
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(Not to scale) 
Plate \!.II . Composite section showing the s ,rati-
graphic relations of all the Pleistocene deposits 
found n the central part of Logan County, iorth 
Dakota. 4 
12 4 
Plate VIII Photograph of outcrop of 
iron-cemented drift underlain by peaty 
clay-silt. The sharp contact can be seen 
on the photo . This photo was taken facing 
edst at the western edge of the NW4 Sec 24, 
T.134N.,R.72w. in Logan County, North Dakota . (See Plate II for location) 
In these outcrops the iron-cemented drift 
forms resistant caps on the erosional divices. 
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AGE OF THE IRON-CEivJi;NTED DRIFr 
The BR~ of the ent re dr ft sheet west of the end moraine 
complex known.as the Altamont or Mruc Mora.ine in this area, bas 
long been in controversy . This drtft sheet is herein called 
the Napoleon drift in Logan County . Todd . (19: 4 ), referred to 
1+ as Nebraskan or Ksnsan n aee ; Leonard (1916, p. 532), 
ten ta ti vely referred to the bou lciers lying on bedrock as Kansan (? ) 
south of the 1dssour1 ,R:1 ver , but the drift ,iust west of the 
Altamont f·1orai ne J.ooked younp;er to h m, antl the color of the 
t ]ls looked more Jike those or Early i. sconsin. Leverett (1917, 
p.144) , sur~ested an Ill noian or Iowan ave; and Alden (1932, 
p . 86) , after studyirtp- the type Iowan n Io , concluded that 
the drift west of the AltaJ11ont in North Dakota was not older 
tban Iowan or poss bly Illinoia n . 
The w0st important reference · s that of Flint (1955, p . 78), 
where he states that in Souch Dakota thLs drtTt is Iowen w· th 
some poss ble Tazewe11 drift a1so, hased on tracing aro1md the 
west slde of the Ja:mes Lobe from the type area in northeastern 
Iowa. 
Contlnued trac·· ng on aer aJ photos from the Sou th Dakota 
border north throu~b McIntosh County into Lo~an Co1nty (only 
24 m les) shows the same dr ft. Lemk~ and Colton (1958, p . 47) , 
assigned a Tazewell (?) ape to the drift, but this ass·~mnent 
s 1ot supported by f ' eJd evidence in the writers opinion. 
In the fleld, 1 thologic and topo~raphic express ' on of the 
drift .n Lo~en Co·.1nty, ond thot descr ' bed from the type Iowan 
are very slmi lar. On the for-~oin~ cr iterla, the wrlter be) ieves 
the Uapol eon drJ.ft in LoP'-'an County is very probably Iowan in aP,e , 
w th some patches of pre- Napoleon drift found in a few l ocations 
· unde T" n~ 1 t . The · r an- cemented dr ft · s such a depos l t . The 
C14 <lat1n~ now in pro~ress fro~ the previously ment · oned peaty 
gflt bed , and another sample taken from peat in the Napoleon 
drlft jtseJf in northern Lopan County s honl d help p r ove or d s -
prove this . If the Napoleon drift is proved to be Iowan in arre , 
the underly ng iron-cemented drift would tren be pre- Iowan or 
pre- Wisconsin n aae . Te deposition of tho · ron and the leach-
ing of the carbonate pebbles , tben, probably took place du~ · np 
the Sangamon or an earljer .intpr- gla.clal a~e . 
POSSIBI ~ ORiryI1S OF IRor-CEMENTED DEPOSITS 
GElIBRAI-Tbe major part of the ron- cementin~ material j n the 
depos·ts stud ed was l ' monite-r,oethite . These minerals ln 
sedimentary l'Ocks are most characteristic of boF, ran- ores . 
Bo"' ore s composed princ pally ot:. an eartl'y :m xture o.f yellow 
to dark-brown ferr · c hydroxides , malrtly ~eothite . 
Lake and bog iron ores have been descr.i.bed from Ontar o , 
tuebec , Sweden, Siber · a , the eastern Un ' ted States , and in 
Washin~ton, but are especially a~1ndant in ~laclated northern 
re~ · ons of ";orth ~·'merlca, Euroo,e and As.i.a . Iq these areas 
percolatln~ wnters dissolve iron from. the ~lac ' al drift w' th 
the uid of organic and carbonic acids . 'l'be iron · s carried n 
so] ution as solua.bl e carbonate , sn1phate , or comb;ined ,, · tb 
or>g,an.lc a c ids . The · ron may then be preclpitti.ted chem cally or 
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biolo~icallv in marshes , peat boas or other shallow ~urface 
depressiot (· 1.rlbut, 1941 , p . 206 and Harder , 1:919, p . t:;2). 
Cbemic'l.l prec p tat 0n takes place el ther 'by rerriov.a1 of the 
solvents by reaction by other Mate~ials in 90lut on, or by 
ox dotlon . It is ~enerally apreed that plants and Lncteria 
are the chef a~ents ln p~oduc:ng the chcMlcal actlon 1n the 
format on of boa: lron. 11 Iron b acter · a II feed , on the orrranic 
acids whlch h.ave helped dissolve the iron , this forces the 
i~on to be precipitated ~n the forM or limon·te. In other cases 
jjhe hacter a or 'lrrae extract iron for the r l f'e p1•ocesses 
and sheath formation. lhe limon te collects as a thi'l1 film on 
the ~mrf ace of the we ter and then sinks or is co] e c ted on 
obj~cts alon~ the sh0re. M1en it becomes oxidized near ~he sur-
face , nso~uble limon.ite results (Moore , 1910,p.532, and Gruner-
1 u22, p . Lr r ) • 
.?ORMS OF BOG ORE DEPOSITS-Tm common form of bo"' ore deposl t~ 
fo1Jnd are hor · zo11tally tabul Qr bod i.e s a few feet th Lek, ..and 
red , brown or yellow in coo~ . ~hey are desc~ bed either as 
soft o:r rp,,rd-be<lded 11asse9, concreti.ons , or as a cement n P-'ravels 
and sands ·•hi.ch the iron- rich so1ut ions have irr.preiniated. The 
deposits stud led by the wr ter ,Ai. tl1ought to be snch a porous 
f"..J'SVe wh · ch has heen lmprei;,:nated by iron-rich waters , with 
ffilbseiuent bloche~ cql precipitation of the 1 monite- goethite 
as a cement"np ~ater · a. 
IRON S0URC2-The source of the iron which was depos · ted must have 
either Leen derived frofu the exlRt · nu glacial drift, or the bed-
rock, and n1ost probably from botb du'3 to the scare ity of dr:if t . 
It is the present writer's belief that some of the ron ca~e fr om 
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the exist · ng drift, but rnost of it came from tre Cr~taceous 
Fox F 'l Js sandstone w)ich contain~ "llany ron.-bearin~ minerals, 
and is ·.n many pl aces hydros cat· cally hit!her tban the local 
depressions in whLch the ron-cemented drift -ras formed. 
Th.is prov f ieirl P"round waters an op ortuni ty to remove .iron 
from the Cretace0us s~nds , and to corry it to depress on9 at 
arer elevat ons where twas precipitated as bo~ ore . 
OTHE'it OCCURRENCES OF IRON-Cffi/;.El~ED DRIFT IN 
NORTH AND SOUTH DAKOTA 
Leonard (19)6), ~tudied the occurrences of older (pre-
Wiscon9in?) drift west of the Altamont Moraine · n North Dakota . 
ije noted that in mes t areas the dri£t was represented almost 
eht rely by vrave and boulders resting directly on bedrock. 
'I'hese Rrave)s and boulders were especially noticeable on the 
tops of divides and on upland areas which they helped protect 
from er( I Or\ . One parttcularly significant deposit Leonard 
{p. 526-_5t 7 )1 n ent · ons j_s a boulder bed on the Mi ::rnour 1 River 
near the mouth of Tobacco Garden Creek in hcllnz e County , 
North Dakota . This p:Jac al deposit is composed of boulders 
and ferruP,Lnous gravel wh ch f 11~ the i nterstlces between 
the coarser mater al. Tre ent ' Te depos t ' s cemented into a 
firm indurated mass . It j s ve.,..y ferruglnous and brown co]oned 
from the 1 in1<m l te wh · en forms the cem~n.tina mater; al , and 
1n many pace~ the boulde.,..s are r·rroly belg by the ron-cewent 
and sand wh ' cb serve As a watrix in which the boulders are 
embedded. When they weather ouy, the · r shape lR preserved n 
17. 
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the rnatrb;. Leonard thon~ht that lf there ever we,...e any f J.ner 
mater1aJs n tbis depo it , they have been carr ed away leav n~ 
only the ~revel and boulders wh ch were cemented by the iron 
of +.he II SUT'f ace waters 11 • He thought th · s b ulder bed was h.ansan (?) 
; n a rte , but. had no s11bstan tial proof of this ac:e as S i~nment . 
Leonard's descript ' on of th s depos tis ve,...y s ' m'lar to 
those wh · ch tbe author f01ind n Le ('!'an County, Jforth Dakota . 
:f. 
Both deposits are west of the outermost , or Altamont ;"' OY'alne , 
are slrn Jar n · tro o~y and n hav ng a heavy1 f rm 1 imon1 te 
cement , and both are b~sa alac aJ drift depos ta overly ~a 
bedrock. Probable age assi~nment pf the l~on-cernented drift 
of Lognn Coun tv s 
" 
P-aulson(.19~?, 
dr ft found 
scussed late,... in tbs paper. 
~eptlon~ a poss ble pre-Wtscons n 
holes under known W scons4n-a~e tllls 
.in southern Stu tsma.n <Joun t;y. pear Streeter, Horth Dakota. fre -se 
. 
test l;oleq showed g-raveJ and P.:r::r:vell'y tlll overly np; Cretaceou$ 
sl"' les . Tt•e se P'ra vel s were up to 91 feet th.i.ck, but we~e dis -
c'"'nt~ •1ua, s f'ro!!l one. hoJe to .... he nevt, .i:an and white clays are 
conmron throuf"hout the deposltc;, wlth some patches of ~ed 
oxidized uater · a1. lo~~ of the pebbles in the P.ravelR were 
.i.i?neous and -rretepiorph c ratbeT tb~n shaJ es and carbonates wh · ch 
are common · n Iii ~ consj n dr fts. One te t well showed Cfl'rbonized 
wood fra.i:r.rr.ent'lq SlH!P.:est'np- a possible so ' l zone OTJ. +-op of old.er 
rirlft. More (lrtJl .ho es i.n the areA al1c,l het er' SfH'"plin~ methods 
:i:nay prove or d · sprove th · s , and may also uncov r riepos t~ sim ' lar 
to those cropp1nu out n Lop:an County. ~ 
Flint (1\/C,5 , p . 3)) , ::ltate~ th~t pre-W"sconsin (Illinolar,·) 
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has been recop:nized ln 0111 y a few places west of the Liss ssippi 
R ver . These locat i ons are n outheastern Iowa and southeastern 
Minnesota . A probable I11 · noian drif t near GhaMberla · n , South 
Dakota , and a t · 11 of unknown a~e underJylnu LoveJ,md loess · n 
'oody County , are the only other possible pre -Wisconsin depos ts 
kno,,m n o"::)OU tb Dakota .~-: 
In reglons outside South Dakota , Fl i nt goes on to state 
t}iat tllls hE1ve been d fferent"ated 011 e bas · ~ of weat:r er · np: . 
Wisconsin tills are J ttle all·ered, whi l e pre - Wisconsin t J)s 
are co1s "de~ably altered . ConvArsl0n of a ti]l to a gi..1mbot l J 
therefore · na cates the t 11 s pre - ~isconsin . On page 31 , Flint 
states that accurnulat ions of red iron oxide ~ ave been f0L1nci 
character stically developel · n soll prof "les formed durin~ 
the Sa.rnrn?TI_on a11d other lnterr1lac; al ~17es . In accordancA 1,,1 • th 
this peneral relati0nsrip , a t.i.11 tered to a reddisl soil 
· n South Uakota · s considered pre- San~amnn · n a~e with a hl~h 
degree of probabtl · ty . 
Whether tbis can be used as a valid criter 4 a to tleterm · ne 
or even sup~est a pre-W~ constn age ls at least questlonable . 
The wri.ter has Reen 'f'edd.ish altered ~oil~ and outw sh deposits 
of late w· scons · n a~e sta ned comDletely red v · th iron oxidAs . 
ThP a~e determ· nation of tte ron- cemented dr{ft in Lo~an 
County , North Dakl')ta, snot bnse on Fl ' nt's above :ment · oned 
theory , even tl oui;;h it · s he] ievcq. that tl'..i.s drift is pre- Wiscons ·n 
• '11 acre • 
INFER.ENC!!, AHD CO JCLUSI O'NS 
GENERAI-The slmlJ ar 1ties n m"neraloD"y , topography , and possibJe 
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or "git bet.ween t;he iron- cemented drLft i.n Lop;an C unty and 
hop: ore d ,pos · ts repo:rted trr oup;l ont; c:rlo.c.i.ated areas of ·,01· r.h 
Amer · ca ancl other parts of tre world lead tb · s writer to bel · eve 
that the l ' monite - p-oetl · te cem nting rr1aterial was of the SB.!'1.e 
origin . m, · n sect · ons of boa ore and the · ron- cemented drift 
slow s 0 l"lil.ar relattonsbips a] so . 
ThA s · ,m · ficcmce of such a depos.i. t located s trat 11r!:lph cally 
be] ow a t; 11 of Io•,r~n (?) 1.r,e (depend np; on C14 result )
1 
• =i 
·mportant in the interpretation of the Pleistocene geolo~y of 
rortb D13.kot ~ • 
Trac 1.np- of the Napoleon J ( Iowan?), dr ft of. Logan County 
to type Towan in Iown , toO"eth€r wit' strat · P"raphic , litholon- · c , 
ancl toportraphic close c:; i.milari t i..es to type Iowan are s - tronO' 
P.Vidence thnt the age proposal of Iowan is correct . The two 
CJ4 dates froxn th i s drift shonld help ln sol v:ln11. the problem. 
If the fHte of the Napoleo'1 drift ~ s Iow..,n , the i,ron- cemented 
dr · ft und<3r l t is pre- Wis cons · n , anc;l proves Hor th Dakot~ was 
rlac lated in pY.e - W.i sconsin tiuie. 
The poss "blo Sf'lquence of events in the forri.at · on of the 
i ron- ceri ented drift deposits n Lop:an Go11nty is shown and 
descr i bed on plate IX . 
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EXPLANATION OF PLA l:E IX 
Meltwaters fil~depressions far ahead of the advanc-
lH7. ice , form.ing swampy areas . The fi;nes carried by 
the meltwater together with plant debris such as 
mosses are deposited contempofaneously in the depres-
sions- this is the peaty clay found at present. Th n · 
non-peaty clays and ~ilts were de~osited over the peaty 
cJays 'n some areas wheu the ice advanced . 
The ice overrode-the area o.C swampy bogs , and may 
have e tber deposited outwa~h gravels as t advanced 
by bottom scrap ng of tbe ice , or by norrna meltwater 
deposition either during advance or retreat. 
The next changes in env ronment wore: retreat of the 
ce and a return of local swampy conditions , and a 
b1gh water table . Iron was dissolved from the drift 
and the Fox HJlls srndstone at highPr elevat ons , and 
wa carr ' ed to the bogs whHrP it was precipitated as 
bog or A ( l i.JTJon te and goethi " ,. >rec ipi tat on was 
probably accomplished both er"'' · cally and b1 ochem-
ically. 
The peri.od of bog ore deposition was during an 
inter?,lRcia) aRe , also during which the bogs were 
probably dra ned~to~e headwaru erosion of streams 
w' th lower hn~e l~vels . Th "s .inltiated downward rr.ov-
' ng f"t'Ound waters and the Y2lt :rtate complete leaching 
of carbol'late mater.i.als in Lhe tron- cemented glacial 
trravels , leavjnr: molds of these pebbles in the cement-
ed drift . These voids are not filled witr iron- cement 
which shows the leach ng occurred afte:- cementat · on 
ceased ~le to drain ng of ~,d 1ors . 
A later rcadvance of the li ~(T wan(?)) left a thin 
depos t of drift over the 1~avl ed · ~on- cen•ented 
drift uatcbes. 
Subsequent eras on s 'nee the Tow~n(?) until the 
preirnnt tiPle, about 3.5-40 , 000+years, has left on y 
tbe More resistant indura ted iron-c"mented dril' t 
capry inr,: tbe Cretaceous "F'ox Hills bed._.,.,,..1r , with only 
re!'lllants of th ' n easily eroded Iowanl~ , , rift over-
lyin~ ~t in thls dissected area. Pa of the re~ion 
· mMedlat y to the north have not beer p 0ded as 
extensively, and st 11 have the Iowan('r) 11.rlft cov-
er "ng bedrock in ~ost places . No drilJ ~cles are 
yet avniJable to prove the ex.istence of additional 
· 1·on-cemented drift deposits under the younger drift . 
?. ] • 
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Plate IX. Possible sequence of events . 
( see opposite page explanat on) 
Fig 1 . 
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